Raw Pea (Pisum sativum), raw Faba bean (Vicia faba var. minor) and raw Lupin (Lupinus albus var. multitalia) as alternative protein sources in broiler diets
(Pisum sativum) (RP) , Fava (Vicia faba, varietà minor) (RFb) 1-10, 11-28 e 29-42 giorni: mais (48.7%, 56 .6% e 57%), farina di estrazione di soia (42.8%, 37.3% e 33.4%) , olio di mais (4. 4%, 5 .2% e 6.3%), aminoacidi di sintesi, minerali e vitamine. RP, RFb e RL venivano utilizzati nelle diete in sostituzione della farina di soia e mais in base ad un processo di ottimizzazione della dieta (RP100, RFb100 and RL100, rispettivamente per RP, RFb e RL) ed in ragione del 50% della quantità ottimizzata (RP50, RFb50 e RL50, rispettivamente per RP, RFb e RL) . Le quantità utilizzate erano: RP100: 350 g/kg per tutte le diete; RFb100: 480 g/kg (1-10 giorni) e 500 g/kg (11-42 giorni) ; e 300 g/kg (11-42 giorni) . L'incremento medio giornaliero (ADG) è risultato inferiore (P < 0.05) Bonomi, 1991) and proper particle size and technological treatments (Daveby et al., 1998; Gatel, 1993; Lacassagne et al., 1991) .
The objective of the study was to evaluate raw pea (Pisum sativum) (RP), raw faba beans (Vicia faba, variety minor) (RFb) and raw lupin (Lupinus albus, variety multitalia) (RL) as alternative protein sources in corn-soybean based broiler diets.
Material and methods
Six hundred thirty 1d-old Marek vaccinated ROSS male chicks were obtained from a commercial hatchery (Dal Verme Camillo e Filippo, Torre degli Alberi, Pavia). Thirty-five pens (18 birds per pen) were used (42d) and to each was randomly assigned 1 of 7 dietary treatments (5 pens/treatment). Chicks were floor housed (0.09 m 2 /bird) in three conditioned rooms (24°C), ad libitum fed isocaloric and isonitrogenous diets and had free access to water. Artificial light was provided 10 h/d. Fluorescent lights with ultraviolet filters was provided 24 h/d for the first 14d in the experiment. Animals were raised according to the European Union (86/609/EEC) and Italian (D.lgs January 27, 1992 n. 116) directives on animal welfare for experimental and other scientific purposes. Diets were formulated according to the ROSS breeders requirements for starter (1-10d-old), growing (11-28d-old) and finishing (29-42d-old) periods. The bulk of the base diet (control diet -CTR) was corn
Introduction
The outbreak of the bovine spongiform encefalophaty has lead to the ban of meat and bone meal utilization in animals diets. Additionally, the concern of genetically modified feeds poses challenges to nutritionists looking for feedstuffs as alternative protein sources in animal feeding. Field pea (Pisum sativum), faba beans (Vicia faba) and lupin (Lupinus albus) have been used in broilers (Brenes et al., 2002; Cowieson et al., 2003; Daveby et al., 1998; Farrell et al., 1999; Rubio et al., 2003; Steenfeldt et al., 2003) and hens (PerezMaldonado et al., 1999) diets. The use of grain legumes in animal diets could be impaired by the presence of one or more antinutritional factors. Some concerns were observed for high lupin inclusion into broiler diets, which might results in increased feces viscosity due to the high nonstarch polysaccharide (NSP) contents. The NSP are not degraded by monogastric digestive enzymes impairing the gastro intestinal tract functions. The NSP contents vary accordingly to species and cultivars (Evans et al., 1993; Gdala and Buraczewska, 1996; Gdala and Buraczewska, 1997; Kocher et al., 2000) . The attempt to reduce the negative effects of NSP involves enzymes addition to diets (Cowieson et al., 2003; Gilbert et al., 1999; Kocher et al., 2000; Steenfeldt et al., 2003) , reduced level of inclusion Gualtieri and Rapaccini, 1990; Quarantelli and (48.7%, 56 .6% and 57%), solvent-extracted soybean meal (42.8%, 37.3% and 33.4%), corn oil (4.4%, 5.2% and 6.3%), plus synthetic amino acids, minerals, trace minerals and vitamins, respectively for the 1-10d-old, 11-28d-old and 29 to 42d-old growing periods (Tables 1, 2 and 3). The RP, RFb and RL entered diets in substitution of the soybean meal and corn according to the cost optimization in diet formulation (RP100, RFb100 and RL100) and to the half of the optimized amount (RP50, RFb50 and RL50), respectively for RP, RFb and RL. The amount used as fed basis for the costoptimized diets were: RP100: 350 g/kg for all diets; RFb100: 480 g/kg (1-10d-old) and 500 g/kg (11-42d-old); RL100: 360 g/kg (1-10d-old) and 300 g/kg (11-42d-old). The RP, RFb and RL and experimental diets were characterized for protein, crude lipids, total fiber, total sugar and ash contents (Martillotti et al., 1987) , ADF and NDF (Van Soest et al., 1991) . The starch content was measured by polarimetric method (Martillotti et al., 1987) . Amino acids were measured with amino acids analyser (Carlo Erba 3A29) according to published methods (Eggum, 1968; Moore, 1963; Moore et al., 1980) . The methionine content was determined after oxidation with performic acid. Feeds were analyzed for total phenols and tannins, fractioned by adsorption chromatography according to Carmona et al. (1991) , daidzein and genistein were determined by gas chromatography-mass spectrometry (Liggins et al., 1998) and by reversephase HPLC (Franke et al., 1994) . The antitripsin activity was analyzed by the method described by Smith et al. (1980) . Pens were weighted at day 1, 21 and 42 and feed intake was monitored. The weight gain, feed intake and feed efficiency were calculated. Bird mortality was recorded daily and dead birds were removed and weight was recorded. At 42d old, after being weighted, two broilers per pen were randomly selected and litium-heparinized blood samples were obtained by wing puncture and centrifuged at 3000 rpm for 20 min. The plasma was collected and stored at -20°C until analyzed for urea, total proteins, bilirubin, albumin, albumin/globulin ratio, aspartate amino transferase (AST), alanine amino transferase (ALT) and gamma-glutamyl transferase (GGT) according to Bertoni et al. (1998) . At 42d old animals were processed in a commercial processing plant (Avicola Valtidone S.R.L., 29015 Castel San Giovanni (PC) -6a via del Montanino), eviscerated and weight were recorded. One animal per pen was randomly selected and part weights were recorded for breast meat (pectoralis major) and leg quarter (drumstick plus thigh). Data were analyzed by the GLM procedure of SAS (SAS, 1999) . Differences among means were declared at P < 0.05.
Results and discussion
The alternative protein feeds had low levels of antinutritional factors (Table 4 ) and in average the mortality for the entire experiment was 1.4 %.
The amino acids profiles (Table 6 ) and the chemical composition (Table 5 ) of the grain legumes are reported. Values are in good agreement with previous published data ( PerezMaldonado et al., 1999; Velmurugu et al., 2002) . The RP, RFb and RL had reduced essential amino acids (EAA) contents compared to the soybean, which is traditionally used in broiler diets. However, by adding synthetic amino acids RP, RFb and RL could still be partially used in broiler diet formulation in place of soybean.
The performance results are shown in Table 7 . When feeding the RFb50 or the RL50 diets the ADG of birds for the first period of growth were not different than ADG of birds from the control diet. Because of the reduced feed intake, birds fed the RL50 diet improved (P < 0.05) the feed to gain ratio. However, when considering the whole period of growth birds performed similarly independently of the source of protein being fed. The enhancement in birds performance was previously reported when feeding 150, 231 e 469 g lupin (Lupinus albus) per kg of diet as substitute of soybean meal (Brenes et al., 2002) . The reported good amino acid availability of lupin compared to other alternative protein sources (Hew et al., 1996) might explain the performance of young birds in our trial. However, because of the NSP content, the inclusion of lupin into poultry diets could also result in increased digesta viscosity and excreta stickiness . Despite the reported good performance with inclusion levels over 400 (Olver and Jonker, 1997) , when using 300 g RL/kg (RL100) the ADG was negatively affected (P < 0.05) compared to the control group with no differences of the feed to gain ratio (Table 7) . Similarly to RL, birds fed the RFb100 diet had a reduced ADG compared to the control group, however, the effect was limited to the first period of growth (Table 7) . Previous reports indicate faba bean meal can be used into broiler diets up to 35% as a partial substitute of maize Joon et al., 1998) . The level of inclusion in our study ranged between 25% and 50%. The reduced level of EAA (Table 4) , the lower amino acids availability (Hew et al., 1996) of RFb compared to RL and the reduced ability of young birds to cope with alternative protein sources other than soybean could in part explain the lower performance of birds fed the RFb100 diet (Table 7) . When feeding the RP the ADG were reduced (P < 0.05) compared to the control diet at both levels of inclusion. No differences were reported for the F:G ratio (Table 7) . Among the alternative protein sources, the RP had the lowest amount of EAA. Additionally, the higher level of RP inclusion in our trial was 17% over the suggested level of inclusion for broilers . No effects on dressing percentage, breast and leg quarter weights were observed (Table 8) . Data agree with previous works on broilers fed diets with 5% to 15% of Pea (Quarantelli and Bonomi, (Gualtieri and Rapaccini, 1990) . However, the latter observed a reduced performance of broilers fed the 30% Lupin diet, particularly within the first three weeks of growth, yielding a 1.7% reduction of the dressing percentage compared to the control group. Plasma analysis parameters are reported in Table 9 . The urea levels were similar among treatments except the RP50 diet (P < 0.05). The urea plasma concentration is a crude estimate of the glomerular filtration rate (renal activity). Normal values indicate that at least one-third of renal mass is functional. Although differences among treatments were observed concerning indicators of the liver activity, parameters values were always within the normal range (Table 9) . 
Conclusions
The RL, at the lower level of inclusion, and the RFb could be valuable alternative protein sources in broiler diet when used over a six weeks period of growth. The higher level of inclusion should be avoided during the first three weeks of growth where birds might be more sensitive to limiting amino acids.
Considering the growing concern in Europe about using genetically modified soybean in animal feeding and the need of replacing proteins from meat and bone meal, the implement of RL and RFb into broilers diets could be an interesting alternative to soybean meal.
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